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INTRODUCTION

California ground squirrels (Spermophilus beecheyi) and many other vertebrates approach and even harass both venomous and nonvenomous snakes
whether squirrels that naturally encounter both rattlesnakes and gopher snakes treat rattlesnakes more cautiously than gopher snakes.
Gopher snakes and rattlesnakes depend upon squirrels not only for food but also for the refuge and thermoregulatory opportunities that squirrel burrows provide (FITCH & TWINING, I946; FITCH, I949). Since ground squirrels spend a major portion of their lives below ground and are known to encounter snakes in their dark burrows (FITCH, I949; many anecdotes from ranchers) nonvisual detection of snakes should be at least as important as visual detection. Although most of the systematic work on antipredator behavior has dealt with visual determinants (e.g., CURIO, I975) nonvisual modalities are also known to be important for some vertebrates (EATON, The present investigation is part of a program studying the interactions between California ground squirrels and snakes. In order to evaluate the role of olfactory cues and differential responsiveness by squirrels to rattlesnakes and gopher snakes, we presented the two snake species in large transparent plastic bags that were either sealed or perforated.
METHOD, S ubj ects.
Adult California ground squirrels (Spermophilus beecheyi douglasi) were trapped in the foothills of the California coast range within a radius of 2 km of Capay, Yolo Co., California. They were maintained in groups of about Io in 1.8 by 6.4 m outdoor pens. The five male and three female squirrels used in this experiment were chosen on the basis of a screening process. Of I9 squirrels tested in the experimental rooms, these eight approached a freely moving rattlesnake within o.5 hr.
Stimulus
conditions.
Three Northern Pacific Rattlesnakes (Crotalus viridis oreganits) ranging in weight from 324 to 453 g, and one Pacific Gopher Snake (Pituophis melanoleuculs catenifer) weighing 375 g were captured at various locations in Central California. These snakes were quite irascible when threatened, striking frequently at a snake stick or other moving objects. Gopher snakes and rattlesnakes are frequently encountered in the Capay area.
Using a technique that combined features from ALBERTS & GALEF (1973) and
RICHARDSON (1942) we presented on four different occasions a rattlesnake or gopher snake in a large (92 by 92 cm) transparent plastic bag which was either sealed, or perforated by one 6-mm diameter hole per 9 cm2 (Fig. I) . In this manner we were able to manipulate the presence or absence of olfactory cues from the snakes, and simultaneously control for possible carry-over effects from snake bites, especially envenomation ( The order of snake-bag presentations conformed with a Latin Square design for two 4 by 4 squares (Table I ). Two squirrels were tested the same day in separate rooms. An individual squirrel was always tested with the same gopher snake or rattlesnake, in the same room and at one week intervals. Testing began on January io and ended on March 4, I977.
TABLE I
The order of presentation of conditions for 4 subjects in this experiment
R-S G-P G-S R-P R = rattlesnake, G = gopher snake, P = perforated, S = sealed.
Prior to each trial, the squirrel spent about 24 hr undisturbed in the experimental room. We began each trial by placing the bag containing the snake in the center of the floor of the experimental room. The open end of the bag was folded underneath and anchored with a narrow ribbon of sand. We then left the room and videocorded the squirrel until 3 min after the first clear snake-directed approach. Occasionally, when the squirrel did not approach the snake within 30 min (typically a gopher snake-sealed bag trial), the experimenter entered the room and walked once around the periphery in order to arouse the squirrel.
Data analyses.
The video tapes were analyzed in both real-time and slow-motion using a Sony (AV 3650) videocorder. Dependent variables are listed and defined in Table 2.   TABLE 2 The dependent variables tabulated from video tape records of each 3-min. trial 
Locomoting
The total number of seconds the squirrels spent locomoting.
Proximity
The number of times the squirrel was found within two squirrel body lengths of the closest part of the snake at the end of consecutive 3 sec intervals.
Positive orientation
The number of times that any part of the snake fell within the I80° arc anterior to the frontal plane that passes through the squirrel's eyes, at the end of consecutive 3 sec intervals.
II8
RESULTS
The behavior of the squirrels toward snakes in perforated bags was qualitatively identical to responses by squirrels from the same population to unconfined snakes ( Although the squirrels approached the two snake species equally often ( Fig. 2A ; F = .22; df = 1,12; P>.o5), they attended more to the rattlesnake than to the gopher snake ( Fig. 2B; F Simple effects analyses using Duncan's Multiple Range Test indicated that the following differences were significant at least at the .o0 level. The ground squirrels remained farther away from the rattlesnake than from the gopher snake in the perforated bag (Fig. 2C) , and attended more to the rattlesnake than to the gopher snake in the sealed bag (Fig. 2B) .
The role of olfaction.
When the bag was perforated, the ground squirrels spent more time attending to the snakes ( Fig. 2B; F Simple effects analyses as described above indicated that the ground squirrels attended less to the gopher snake when the bag was sealed (Fig. 2B) , they approached the rattlesnake and gopher snake more often when the bag was perforated (Fig. 2A) , and they approached the gopher snake in an elongate posture more often when the bag was perforated (Fig. 2D) . The squirrels also sandkicked more often at the rattlesnake when the bag was perforated (Fig. 2E ).
Temporal changes in response.
Simple effects analyses indicated that the squirrels locomoted less (P<.o5) and approached the snakes less often (P<.05) on the last three trials than they did on the first. None of the other dependent variables significantly changed across trials. This suggests that general exploratory behavior was habituating, perhaps to the testing situation, while the squirrels maintained the level of their more snake specific activities.
Responses by snakes.
Both snake species responded to the squirrels by striking, as well as with defensive hisses (gopher snakes) or rattling (rattlesnakes). The mean duration of rattling when the bag was perforated (102.8 sec) was not significantly different (t = .35; df = 7; P>.o5) from that in the sealed condition (94-75 sec). Similarly, the mean duration of hissing when the bag was perforated (7.63 sec) was not significantly different (t = .30; df = 7, P>.o5) from that in the sealed condition (6.25 sec).
DISCUSSION
The results confirm our prediction that California ground squirrels from a population that normally encounters rattlesnakes respond more cautiously to (venomous) rattlesnakes than to (nonvenomous) gopher snakes. The risk differential for adult squirrels needs to be examined, however, since rattlesnakes and gopher snakes eat almost solely young squirrels (FITCH, I949), even though rattlesnake apparently envenomate and even kill adult squirrels (LINSDALE, I946; personal observations).
Our results also confirm the prediction that snake odor strongly facilitates these squirrels' snake-directed behavior when the squirrels can see snakes. In a replication of this study in the dark, we will seek evidence for even greater influence of snake odor. Furthermore, since the proximity measure (Fig. 2C ) discriminated snake species in the perforated but not the sealed condition, we propose that snake species discrimination by squirrels can be based on olfactory information, an ability of considerable importance for the assessment of risk when the squirrel detects a snake in a burrow.
The following properties of rattlesnakes and gopher snakes should further enhance the importance of the ability to detect snakes olfactorily. Both In an earlier report, OWINGS and Coss (1977) proposed that the configurational variability and visual crypticity of these snakes interfered with the ability of snake-naive squirrels to recognize immobile snakes. In more recent work (Coss & OWINGS, in prep.), tame snake-naive California ground squirrels have responded consistently to an immobile, or virtually immobile, gopher snake. It is possible that these snakes are not as variable or cryptic olfactorily as they are visually, and that, therefore, the problem of snake recognition by naive squirrels is not as difficult as it might seem, when only visual cues are considered. Anecdotal observations indicate that snake-naive squirrels can recognize snakes on the basis of scent alone. We observed a snake-naive squirrel tail flagging and sand kicking into an empty, artificial burrow in which a squirrel-snake encounter had recently occurred. SUMMARY This experiment had two objectives. One was to seek evidence for greater caution by California ground squirrels (Spermophilus beecheyi) when interacting with venomous rattlesnakes (Crotalus viridis), their most important snake predator, than when interacting with nonvenomous gopher snakes (Pituophis melanoleucus), their second-most important snake predator. The second was to examine the role of olfaction in mediating snake-directed behavior by these squirrels, since many squirrel-snake encounters occur in burrows where visual cues are unavailable. In an illuminated room, we videotaped the responses by eight freely moving ground squirrels to the two snake species; the snakes were presented in large, transparent plastic bags that were either sealed (odor unavailable) or perforated (odor available).
The results confirmed our predictions that the squirrels should behave more cautiously toward rattlesnakes than toward gopher snakes, and that olfaction is an important mediator of snake-directed behavior. Although the squirrels approached the two snake species equally often, they attended more to the rattlesnake than to the gopher snake, but remained farther away from the rattlesnake. When snake odor was available, the squirrels spent more time attending to the snakes, approached the snakes more frequently, approached the snakes in elongate postures more often and sand kicked more at the snakes.
We proposed the following. I. The antipredator strategy of snake harassment by California ground squirrels is sensitive to risk, exhibiting attenuation where risk is higher.
2. Olfaction is likely to be even more important during squirrel-snake encounters in the dark, especially in burrows.
3. The ability to recognize snakes on the basis of odor may not depend on prior experience with snakes, and may circumvent difficulties associated with visual detection of snakes. 
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